The symptoms, ECGs, exercise stress responses, left ventricular perfusion and function, and the topography of obstructive coronary artery disease (3 70% cross-sectional stenosis in the left main, left anterior descending, circumflex, and right coronary arteries and their major branches) were analyzed in 200 patients 65 years of age or older with angina pectoris. Males showed a significantly higher incidence of stenosis of the left main and the left circumflex coronary arteries and poorer left ventricular perfusion than females. One-vessel obstructive disease was found in one-fifth of the aged patients of each sex with angina pectoris.
CORONARY ATHEROSCLEROSIS begins earlier and advances more rapidly in men than in women. Sex differences are maximal in the fifth decade, but diminish after the seventh decade.1' 2 Because coronary artery surgery is an increasingly common recommendation for geriatric (-65 years) patients with angina pectoris, the atherosclerotic topography and its consequences on ventricular perfusion and function are important information in planning therapy. We therefore studied 100 patients of each sex who were 65 years of age or older and had angina pectoris.
Materials and Methods Records were reviewed of 200 consecutive patients 65 years of age or older, principally of Caucasian origin, drawn from the middle and upper economic strata who were studied at Loma Linda University Medical Center from 1972 to 1981. The patients were of diverse ethnic and religious backgrounds and all underwent cardiac evaluation because of angina pectoris. Each patient received a complete cardiac workup, which included cardiac catheterization and coronary arteriography by the Judkins technique.3 Sixty males and 48 females underwent exercise stress testing on a computer-controlled treadmill with 3-minute work loads, beginning with 1.7 mph at a 5% grade and increasing to 1.7 mph at a 10% grade, 2.5 mph at 16% grade, 3.4 mph at 14% grade, and 4.2 mph at a 16% grade. The exercise was continued to the point of fatigue, chest pain or dyspnea. Criteria of a positive response included horizontal ST-segment depression or elevation > 1 mm in lead I and > 1.5 mm in leads II and III and in the precordial leads. Selective left ventriculography was performed using simultaneous biplane recording; volumetric calculations were derived by computerized motion analysis.
The extent of arterial narrowing was estimated from multiple projections (right anterior oblique, left anterior oblique and lateral) and expressed as a percentage of cross-sectional area in the left main coronary (LCA), the anterior descending (LAD), the circumflex (Cx), and right coronary (RCA) arteries and their major branches. A reduction -70% of the cross-sectional area of the vessel lumen was considered hemodynamically significant. Details of these procedures have been described. 4 Resting myocardial scintigrams were performed on 180 patients after selective injection (at coronary arteriography) of technetium-99m microspheres (2.6-3.4 p,Ci) into the left and right coronary arteries. Projections corresponding to those of arteriography itself were obtained with an Anger camera, and then integrated in a data acquisition, storage, processing, and display system developed by Adams et al. 5 The images were photographed separately as a series of 10 colorcoded isocount contours in spectral sequence. The channel with maximal counts was arbitrarily assigned the color red, and successive 10% decreases in counts were recorded as serial color gradations toward the blue end of the spectrum. The scintigrams of the left and right coronary circulations appeared separately and in combination as single-tone red and green hues and in rainbow bands just described. Differences between groups were assessed by t test or chi-square test.6 Data are presented as mean and ± SEM.
Results
The clinical descriptions of the patients are summarized in tables 1 and 2. The two patient groups were matched for age and for the duration of angina pectoris and systolic and diastolic pressure. Heart rate was more rapid in the women than in the men. The characteristics'of the angina pectoris were similar for the two sexes. Effort and rest alone, rest plus effort, isolated noctumal and nocturnal plus rest and effort angina pectoris occurred with equal frequency in the two sexes. Less than 5% experienced rest pain and less than 4% had nocturnal angina pectoris alone.
ECGs showed evidence of myocardial infarction in 31% of the males and 21% of the females (NS). Sixty men and 48 women underwent exercise stress testing. The respon'ses were identical in the two groups: 83% positive, 13% equivocal and 4% negative.
All patients underwent cardiac catheterization and coronary arteriography, which revealed a mean left ventricular ejection fraction of 54 ± 1% for both sexes (normal 65 ± 8%) (table 3) . Left ventricular angiography produced 8-mm increases in end-diastolic pressure in both sexes. The right coronary circulation was dominant in 90% of the females and 80% of the males and the left coronary circulation was dominant in 19% of the males and 8% of the females; the remaining patients had a balanced coronary circulation.
Myocardial perfusion scintigraphy performed on 87 There were no significant sex differences as measured by chisquare analysis. male and 91 female suggested abnormal perfusion in more than 60% of the patients. The frequency of deficits was 8% higher in male than in female patients (p < 0.05).
All patients had significant obstructive disease of at least one coronary artery (table 4). The incidence of three-, two-and one-vessel coronary artery obstruction was 53%, 27% and 20%, respectively. Isolated LCA obstructive disease was not found in either sex; rather it was associated with three-vessel (14 males and two females), two-vessel (five males and one female), and rarely one-vessel (one male and no females) coronary artery disease. The incidence of LCA obstructive disease was sevenfold higher in male than in female patients.
The frequency and severity of obstructive coronary artery disease in the major arteries are shown in table 5'. Although no sex differences were found for the LAD, males may have a higher frequency of overall Cx obstructive disease and a greater severity of disease in the distal RCA and its posterior descending branch. Females may have a greater incidence of multiple obstructions along the RCA mainstem.
Branches of the LAD, Cx, and RCA were stenosed in approximately 70% of all patients. Thirty-two percent had branch stenosis of just one major artery (LAD, Cx and RCA, in descending order of frequency). Ten perc'ent had involvement of branches from two major arteries, usually the LAD and Cx. Multiple stenoses occurred along the course of the LAD and Cx branches in approximately 20% of hearts. No sex'differences were found in either the frequency or severity of branch artery involvement.
Discussion
This study of 200 geriatric patients with stenosis in one or more of the major coronary arteries was designed to provide background information for managing elderly patients with angina pectoris.
While the symptoms of angina pectoris may be milder in the aged than in younger adult patients, progression from effort-related to nocturnal angina pectoris occurred in one-third of our present series. However, rest or nocturnal angina pectoris alone was somewhat less common in geriatric than in younger adult patients with angina pectoris.7 No sex differences were seen in the quality or duration of angina pectoris (tables 1 and 2).
The resting ECG was normal in 25% of patients. The rarity of false-negative responses to the exercise stress test (4%) suggests that' a negative exercise response has value in identifying geriatric patients with chest pain who do not have hemodynamically significant coronary artery disease.
The greater incidence of significant stenosis of the LCA in our male geriatric patients with angina pectoris (table 4) is consistent with reported sex differences in the degree of coronary atherosclerosis in samplings from general population without overt CAD. According to White et al.9 this begins as early as the middle thirties. The tendency for obstructive disease of the Abbreviations: LCA = left coronary artery; LAD = left anterior descending coronary artery; RCA = right coronary artery; Cx' =' circumflex coronary artery. LCA to occur more frequently in males than in females is further confirmed by data from a multicenter study (CASS) of 23,249 patients. 8 'Geriatric male patients with angina pectoris also have more extensive disease of the Cx and perhaps a greater severity of disease in the distal RCA than do female patients (table 5) . These sex differences are reflected in a higher incidence of reduced left ventricular perfusion (abnormal scintigrams) in males (table   3 ).
The basis for sex differences in the extent of coronary atherosclerosis in the aged is unknown. Considerations related to coronary dominance are not revealing, as 55% of three-vessel disease in our geriatric patients was found in a setting of right coronary dominance (female preponderance) and only 42% in a setting of left coronary dominance (male preponderance).
An unexpected finding of the study was the high incidence of one-vessel disease;-the salient features are the preponderant involvement of the proximal segments of the three major arteries and a 74% incidence of LAD disease.
The distribution of disease among the three major coronary arteries proved somewhat different from that in younger adults. Our series showed the following frequencies 'of one-vessel involvement:' LAD, 73%; RCA, 13%; and Cx, 15%. Hamby et al.9 reported frequencies of 61%, 33% and 6%, respectively, among 52 patients' whose mean age was 48.0 + 8.6 years. Such geriatric patients with angina pectoris and noncalcified coronary arteries could properly become candidates for transluminal dilatation.'0 While results of the present study suggest certain characteristics of the configurations of coronary obstructive disease in elderly patients with angina pectoris, they do not provide a basis for determining who should be candidates for cardiac revascularization, particularly in view of the diminishing benefit/risk balance of cardiac surgery in older patients. As with younger patients, there are no symptoms, signs, or noninvasive procedures that reliably identify geriatric patients with potentially lethal obstructive coronary disease. Statistically, one can expect to encounter more extensive coronary atherosclerosis of the LCA in males than in females. One-vessel disease commonly affects the proximal LAD and may occur in one out of five geriatric patients of either sex with angina pectoris.
